Here, in this Supplementary Information, we present details on the advantages of the proposed design for ultrathin metamaterial perfect absorbers (MPAs) at low frequency and details on the electromagnetic-wave absorption mechanism of the dual-band MPA.
I. Optimization for an ultrathin metamaterial absorber
To evaluate the effects of the key constituent elements on the operation of an ultrathin MPA at the fundamental absorption frequency, we perform the simulations for three different structures with the same geometrical parameters. Figure S1 GHz. It is noteworthy that the absorption can be improved to be 81% by the better impedance matching [Re(Z) = 2.5, Im (Z) = 0 at 2.1 GHz]. Secondly, the low frequency absorption can also be obtained by the lumped capacitors integrated at the specific locations on the MA pattern. This solution is applied to our design and presented in Fig. S1(c) , where four capacitors (150 pF) are incorporated at each knot of the meta-surface (without through interconnects), the absorption is improved up to 84% and the absorption peak is efficiently reduced to be at 1.4 GHz. It can be concluded that, for an ultrathin MPA, the through vertical interconnects and capacitors play the dominant roles in maintaining the high absorption amplitude and matching perfectly the impedance simultaneously in low frequency range. 
II. Energy consumption mechanism of the dual-band MPA
The mechanism is better to be explained with Fig. S2 below. 
